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On the Accuracy of CFD-Based Pressure Drop / ? 
Predictions for Right- Angle Ducts 


A. Brankovic 
Pratt & Whitney, Florida 


The predictive capability of computational fluid dynamics (CFD) codes for turbu- 
lent flow through curved ducts is of significant importance to the design and perfor- 
mance analysis of modern rocket engine flowpaths. Code calibration and validation 

i 

studies for this class of flow are desireable to estimate the performance margin and 
operating range of components designed using Navier-Stokes methods. Parametric 
experimental studies such as that of Weske (NACA ARR W-39) provided a wealth of 
performance data for the design of single- and compound elbow configurations with 
various cross-sections, curvature and aspect ratios at varying Reynolds numbers. In 
that work, the majority of data is presented in the form of loss coefficients, character- 
izing pressure losses due to duct curvature, and including losses due to wall friction. 
Using measured friction coefficients, losses of equivalent straight lengths of duct are 
subtracted, resulting in performance curves useful for design computations. These 
data are currently used in a CFD-based parametric study covering a broad range 
of operating conditions. Of particular interest for the accuracy of CFD predictions 
are the effects on pressure loss due to inlet boundary layer thickness (dependent on 
upstream development length), and the wall treatment for the turbulence equations 
(conventional wall functions vs. wall integration using a two-layer model). The ex- 
perimental data are reassessed in the form of an error analysis, and are compared 
with CFD predictions for 18 computational cases. Grid-independence, grid spacing, 
and convergence requirements of the cases are discussed. Conclusions regarding the 
relative importance of the parametric variables will be presented. 
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PRESSURE DROP PREDICTIONS FOR 
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INTRODUCTION / OBJECTIVE 
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observed trends of pressure losses in right— angle ducts, due to 
varying Re #, duct aspect and curvature ratio. 



EXPERIMENTAL DATASETS 
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Reference: Weske, J.R., ’’Pressure Loss in Ducts with 

Compound Elbows”, NACA Wartime Report W-39 
February 1943. 



EXPERIMENTAL GEOMETRY 
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DATA REDUCTION METHOD 
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= upstream, downstream, curve lengths 
= friction factor 


CFD NUMERICS 

Grid Independence 
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Similar results obtained for wall function and wall integration models 




PREDICTED vs. MEASURED RESULTS 

Influence of Duct Aspect Ratio at R e = 10 5 
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Data shows distinct tnmivntirn when plotted as 



COMPUTED FLOW STRUCTURE 



Shown at 48 rt <h>w?istrenm of elbow eyi’t plane 






PREDICTED vs. MEASURED RESULTS 

Influence of Duct Curvature Ratio at R e = 6 x 10 5 
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Duct Ciuvature Ratio 



FLOW SEPARATION DETAILS 

Turbulence Model Influences Shape, Location Of Separation 

Inner Outer Inner 

Wall Wall Wall 
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CONCLUSIONS 
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has been captured by CFD model. 




